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Abstract 
The aim of this work is to analyze differences in experimental and calculated model study of the processes of 
movement of soil water under low head ponding and gravity infiltration. In the forecast of the water regime two kinds 
of hydrological information were used – experimental and pedotransfer functions (PTFs). The experimental 
information: the hydraulic conductivities (HC) in saturated conditions were determined in the field conditions, 
unsaturated conductivity function was calculated (van Genuchten-Mualem model) using HC and water retention 
curves (WRC) , WRC were investigated in laboratory condition with the help of capillarimeters, sand-kaolin boxes 
and by the centrifuge method. PTFs included: regional PTF, based on the data of the original database for the soil 
hydrological properties of the study area relying on the soil density and soil organic content, PTF based on particle 
size distribution, based on field capacity and wilting point as a predictors, and PTFs based on physico-mechanical 
properties, specifically Atterberg limits. The spatial distribution of moisture indicates that after infiltration under low 
head ponding, the soil water content variation is rather high (at depths of 50 and 60 cm the quartiles were about 2-3 
and 6-12%), but in the case of gravity infiltration the quartiles were about 2 and 5% . This points to the presence of 
preferential flows. The best forecast of the real-mode soil water regime gave experimental hydrological information: 
no systematic errors in the high min-max range of modeling errors. Among PTFs the modeling results were placed in 
the following order: regional PTFs work better (>) than PTFs based on the field capacity and wilting point >PTFs 
based on Atterberg limits> PTF based on particle size distribution . The statistical analysis of the modeling errors by 
Williams-Klute nonparametric statistical criteria is evidence that models describe best gravity filtration. 
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1.  Introduction 
The problems of the study and forecast of substances movement in soils are now extremely relevant. 
This is primarily due to the fact that at the present stage of landscape use, agronomy, soil physics and 
reclamation we need to predict the development of a natural process, to resolve the problem of 
governance timely and accurately. Management issues are always based on preliminary forecast that will 
be implemented on the basis of mathematical models.  
The main difficulties in the application of mathematical, physics-based models are related primarily to 
the provision of adequate experimental data on soil properties for them to work. That is why at present the 
most relevant issues are related to the acquisition and use of experimental support for such models. 
Generally, experimental software models include (1) definition of conditions at the upper and lower 
boundaries of the soils, their impact on moisture movement in the soil, and (2) soil hydrological 
properties, specifically, water retention curves and unsaturated conductivities, which we can obtain 
experimentally or with the help of pedotransfer functions (PTFs). The aim of this work is to analyze the 
differences in the experimental and calculated (model) study of the processes of movement of soil water 
under low head and gravity infiltration. The objectives of the work are: (1) experimental study of the 
dynamics of soil moisture after low head and gravity infiltration in the field conditions, (2) description of 
the process of water movement by the physics-based model HYDRUS, and (3) evaluation of the 
experimental support to ensure adequate reproduction process by model moisture transfer in soil. 
2. Targets and methods  
The target of the study was Grey medium loamy soil (Greyic Phaeozems Albic) of Vladimir opol’e. In 
the field study the soil water movement was investigated by a special method on soil monoliths (diameter 
60 cm and depth 100 cm) with low head (5 cm of water layer on the surface) and gravity free-flow 
(irrigation sprinkler without puddles) infiltration. The walls of the monoliths were isolated by the 
hardening foam, preventing lateral absorption of moisture. Also, the traditional soil properties (saturation 
conductivity of soil horizons with double-ring infiltrometer, soil density, soil organic carbon content, , 
particle size distribution (by laser diffraction particle size analyzer ANALYSETTE 22, etc.) were 
investigated [1, 2]. Unsaturated conductivity function was calculated (van Genuchten-Mualem model) 
using saturated conductivity and water retention curves. Dinamics of water content was investigated by 
neutron probe method, but on the 5th day after infiltration the spatial distribution of soil water contents on 
different depthes of monoliths were studied by gravimetric method [2]. 
Water retention curves were obtained in the laboratory by 3 methods:  
1. Method of sand-kaolinic boxes, which is traditional for many soil physical laboratories in many 
countries for pF 1-2.7 [3]. 
2. Method of ceramic filter located coaxially in the soil sample. In this ceramic filter a certain vacuum is 
created, and outflow and moisture equilibrium is studied. This method is used in Russia and some 
other countries (the method of capillarimeters) for pF 1-2.8 [2]. 
3. Centrifuge method, which is also popular for many soil physical investigations; pf range 1-3.2. The 
water retention curves in the pF range 4.5-6.5, were determined by the method of vapor-soil water 
equilibrium above saturated solutions of different salts [2].  
The following pedotransfer functions (PTFs) were also used:  
1. Regional PTF (PTF_region), obtained from the data of the original database for the soil hydrological 
properties of the study area based on the soil density and soil organic content. These PTFs used the 
multiple regression method (for a set of 26 combinations of values from archive data for Vladimir 
opol’e) to determine the parameters of the van Genuchten equation [4]: 
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r = 0.066 – 0.035 b + 0.00006 , 
s = 0.337 + 0.087 b + 0.01664 , 
 = 0.028 – 0.013 b – 0.00112 , 
n = 1.612 – 0.213 b + 0.03044 , 
where b is the bulk soil density, g/cm3,  is the content of carbon, %, r, s, , n, the well-known van 
Genuchten parameters of the water retention curve.  
2. PTF based on particle size distribution (Rosetta data base) – variant “PTF_gran”. 
3. PTF based on hydrological properties (porosity, field capacity and wilting point as a predictors) [1] – 
variant “PTF_Hydr-const”. 
4. PTF based on physico-mechanical properties, specifically Atterberg’limits (Voronin method): 
pf=2.17 is equivalent soil moisture content by mass at liquid limit (Wll ), 
pf=2.17 + Wfc, 
pf=2.17 + 3Wpl, 
where Wll, Wfc, Wpl, – soil moisture content by mass at liquid limit, field capacity and plastic limit. This 
method is known in Russia as the method of Voronin, named after the author [5]  
For calculation of the soil water movement, the physics-based model HYDRUS was employed.  
3. Results and discussion 
The spatial distribution of moisture at different depths was investigated on the 5th day after infiltration. 
These distributions (Fig.1) show that at low head infiltration the soil water content variation is rather high 
(at depths of 50 and 60 cm the quartiles were about 2-3 and 6-12%). In the case of gravity infiltration the 
lesser variation in moisture content (at depths of 50 and 60 cm the quartiles were about 2 and 5%) was 
observed. This is indicative of the preferential flows presence, especially in the case of low head 
infiltration. 
 
 
Fig.1. Soil water content space at different depth of the monolith (z, cm) 5 days after infiltration.   
(a) –gravity infiltration; (b) – at low head infiltration)  
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One of the tasks of the simulation of these processes is the comparison of the calculated and 
experimental data in order to show which experimental model software is the most appropriate for such 
kind of water movement: water retention curves obtained experimentally by the common methods or the 
use of PTF involving the above approaches. 
In Fig.2 the statistics of the model errors are presented.  
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Fig.2 The statistics of the model errors (experimental water content minus calculated water content). See text for explanations. 
The statistical results show that experimental methods yield the minimal systematic errors. The best 
forecast of the real-mode soil water regime gave experimental hydrological support: no systematic errors 
in the high min-max range of the modeling errors. But the method of centrifuges in this experiment 
yielded significant variable and systematic errors. Apparently, this is due to the small sample volume and 
the way of pressure application. Possibly, the sample size as well as the way to maintain pressure are 
most important for the application of experimental methods. The centrifuge method implies exertion of 
pressure on the sample and changes its structural condition. PTF for any method of their construction 
gives the worst results. Only in the cases of PTF using hydrological constants and regional PTF defined 
directly in the field conditions and in the same region, the result is acceptable. 
Among PTFs the modeling results were placed in the following order: regional PTFs work better (>) 
than PTFs based on the hydrological constants >PTFs based on Atterberg’limits> PTF based on particle 
size distribution 
The statistical analysis of the modeling errors by Williams-Klute nonparametric statistical criteria 
showed that the models describe best gravity filtration. 
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4. Conclusions 
1. The presence of a small hydraulic gradient (5 cm of the water column) on top of the soil changes the 
way of water movement in soil: effects of the preferential pathways of water were observed, which must 
be considered when describing the movement of moisture in these conditions. 
2. Experimentally obtained data on the water retention curve allow significantly better, with the lesser 
systematic errors, predict the movement of water in soil by traditional, physics-based mathematical 
models. PTFs obtained from experimental data on the soils of the study area are preferred. 
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